To investigate the prevalence of four major dental traits in the southern Chinese permanent dentition and to compare these with studies from different populations.
INTRODUCTION
The term "trait" has been defined as a distinguishing feature, or characteristic of an individual. The frequency of occurrence of a trait may be low in a specific population because that trait is becoming progressively more, or less well developed in that population. Hence, it is not inconceivable that a trait could inadvertently be considered to be an anomaly, even though it may be a characteristic feature of that population. Thus, what may be considered to be an anomaly in one population may be a trait in another population. Furthermore, the dentition of man is changing in form, size and number. Studies have, according to Dahlberg [1] , revealed that these changes are not taking place at the same rate in the various geographic and racial groups. This evolutionary tendency is probably the reason why there is so much variation in the number of cusps exhibited by the maxillary first primary molar of Japanese children [2] .
The large variation in morphological features and their form may not be easily altered; thus, a trait of the human dentition can be a valuable diagnostic tool for anthropological studies in classifying and characterizing different ethnic *Address correspondence to this author at the Paediatric Dentistry, Faculty of Dentistry, The University of Hong Kong, 2/F, Prince Philip Dental Hospital, 34 Hospital Road, Hong Kong SAR, China; Tel: +852 28590253; Fax: +852 25593803; E-mail: profnigelking@mac.com groups. From a skull that was found at Zhoukoudian upper cave in northern China which had shovel-shaped incisors, Weidenreich [3] concluded that there was a close link between the prehistoric homo-erectus and the modern Mongoloid populations; because shovelling of the incisors has always been associated with the Mongoloid samples such as Chinese and Japanese [4] [5] [6] .
Investigations into racial differences in dental morphology have led to the hypothesis that the common origins of peoples are reflected to a certain degree in their similar phenotypic patterns. For example, studies of fossil material have show that the ancestors of all native Americans probably originated in northeast Asia [7] . The accumulation of data on the morphological traits of the teeth in different populations has led anthropologists to become more concerned with the evolutionary significance of these data, and to consider the mode of inheritance. The various morphological traits of the dentition are likely to be inherited; however, the mode of inheritance, of most traits, is at present poorly understood, and may well remain so for a long time.
Although teeth have proven to be an extremely valuable fossil material for scientists to study the history of man, unusual anomalous morphological features were mistakenly regarded by some early observers as aberrations and not considered to represent normal biological variation. One of the first traits to be recorded was Carabelli's trait in 1842 [8] .
Shovelling of incisor teeth was first reported by Mühlreiter in 1870 (Mühlreiter 1870), while the number of cusps on maxillary molars was published in 1913 by Keith [9] . The cusps and grooves on mandibular molars were subsequently investigated by Gregory and Hellman in 1926 [10] . The twenty-eight observable dental traits that have been studied in the Mongoloid dentition include shovelling of the incisors teeth, Carabelli's trait, the number and form of cusps, ridges and fissure patterns, and three roots on the mandibular first molar [7, [11] [12] [13] .
The southern Chinese are a specific group of Chinese who reside in the part of China that is south of the Yangtze river. Research works has indicated that there are differences in the peoples of northern and southern China. The southern Chinese are shorter than their northern Chinese counterparts, speak different dialects and have markedly different eating habits [14] . Since only limited data are available on the prevalence of the dental characteristics of the southern Chinese, there seems to be a need to investigate the major dental traits in this population. The aims of this study were to determine the prevalence of the various dental traits, such as shovelling, lingual tubercle, Carabelli's trait, and protostylid in the permanent dentition of twelve years old southern Chinese children in Hong Kong, and to determine if there were any inter-relationships between these major dental traits. By comparing these data with those on other populations, it was intended to determine if the permanent dentition of the southern Chinese has any features that may be considered to be characteristics of their dentition.
MATERIALS AND METHODS
The prevalence data of dental traits were based on plaster casts of the permanent dentition of 725 children (365 girls and 358 boys), which had been obtained from a randomly selected sample of 12 years old southern Chinese children in Hong Kong. Details of the sampling method were described in Part I of this series of papers.
In the study cast examination, individual teeth on the casts were examined by one calibrated examiner using an illuminated magnifying glass (x2) to diagnose the presence or, absence of a trait. Illustrated versions of the various classifications of the four traits, and a list of the teeth upon which they could be expected to occur, were prepared to enhance the accuracy of the diagnoses and to maintain the level of examiner reliability. The reasons for omitting some teeth from the investigation were: (i) poor quality or of the study cast; (ii) chipped or broken teeth; (iii) wear or attrition; (iv) gross caries; and (v) restorations. The following criteria were employed to diagnose the four dental traits.
Shovelling
An incisor or canine with an extraordinary development of the lateral borders and cingulum of the lingual surface of the crown, a depression in the central and incisal portions of the surface giving the impression of a shovel. Hrdlicka's classification [4] has four variations: (0) no shovel -no perceptible trace of rim and fossa or in which trace of these were so faint or imperfect as no to deserve special characterization; (1) trace of shovel -distinct traces of the enamel rim but which could not be classed yet as semi-shovel; (2) semi-shovel shaped -the enamel rim was distinct but the enclosed fossa was shallow; and (3) pronounced shovel shape -the enamel rim with the enclosed fossa were well developed.
Lingual Tubercle
A single or double protuberance arising from the cingulum of the lingual surface of the maxillary canine or incisor and extending less than half the distance from the cemento-enamel junction to the incisal edge. Lingual tubercle was classified as either present or absent. The type present was classified as either a single or double tubercle [15] .
Carabelli's Trait
Either a tubercle of varying size, or a groove, or even a pit on the lingual surface of the protocone of the permanent maxillary first molar. The classification of Carabelli's trait was based upon Snyder's simplified index [16] ; (0) no cusp and smooth -a completely smooth surface; (1) no cusp but small line -a surface having a furrow interrupting its continuity; (2) no cusp but pit -a surface having a pit interrupting its continuity; (3) cusp outline without apex -an eminence without a defining groove; (4) partial cusp without apex -a small cusp with a groove setting it off from the tooth surface; and (5) cusp with apex -a large cusp.
Protostylid
An additional cusp on the buccal surface of the mesiobuccal cusp of a mandibular molar. There were five subdivisions of the classification which was proposed by Snyder and his co-workers [16] ; (0) no cusp -completely uninterrupted surface; 1) pit -a pit with a vertical wrinkle or irregular irregularities; (2) eminence -eminence of cusp without groove outline; (3) elevation -a small but positive elevation; (4) cusp -well defined cusp.
Reproducibility examinations were conducted to check the intra-examiner reliability. Approximately 10% of the 725 subjects were randomly chosen for re-examinations. In order to ensure that each trait was present in the reproducibility test, at least 5 subjects were chosen randomly who exhibited each of the traits. The Kappa coefficient (K) was used to determine the intra-examiner reproducibility. To determine if there were any statistical differences between gender and side, the chi-square test was used to test the quantity of the proportions. To determine any association between the various traits, the Pearson correlation coefficients were used.
In order to be able to compare the prevalence data with those of other studies, literature and data from 1930 to 2009, which were related to dental traits in the permanent dentition, were sourced using PubMed and hand searches. The key words used for the PubMed searches were dental traits, permanent dentition, shovelling, lingual tubercle, Carabelli's trait, and protostylid. Reference lists of articles retrieved from the electronic database were then hand searched to identify additional articles that might provide information relevant to the objectives of this paper. It was impractical to perform a systemic review because the methodology used in the published studies varied, thus preventing valid statistical analyses.
RESULTS
The 725 subjects had a gender distribution of 358 males (49%) and 367 females (51%). The mean chronological ages were 12.5 years and 12.6 years for the males and females respectively. The intra-examiner reproducibility for the diagnosis of each the dental traits was calculated using Kappa coefficients; the values ranged from 0.44 (protostylid) to 0.66 (Carabelli's trait).
The mouth prevalence of the four major types of dental traits in the permanent dentition for southern Chinese boys and girls are shown in Table 1 , while the tooth prevalences are displayed in Tables 2 to 5. Since there were no significant differences found between the genders, and between the left and right sides of the arch, the data were pooled for the determination of any associations between the four traits (Tables 6 and 7) , and for comparison with those of other studies (Tables 8 to 12 ).
Shovelling, which was found on the incisors and canines had prevalence rates of 79.0% for the 367 girls and 81.6% for the 358 boys ( Table 1 ). In almost 90% of those affected the shovelling occurred bilaterally. The semi-shovel type of shovelling was found to be the commonest type, with 45.6% of the incisors exhibiting this form. The tooth prevalence showed that the lateral incisors were the most frequently affected teeth ( Table 2 ). The inter-relationship between shovelling and Carabelli's trait was found to be statistically significant in this study (p = 0.021), see Table 7 . The semishovel type of shovelling was more prevalent in the southern Chinese (42.6% to 68.0%) compared with other populations (up to 47.5%), whereas the pronounced type of shovelling was more prevalent in other Mongoloids ( Table 8) .
Almost 40% of the children exhibited the lingual tubercle trait ( Table 1 ). The single tubercle form was seen in 85% of the affected children. The tooth prevalence figures in Table 3 show that canines were more commonly affected than incisors. The inter-relationship between lingual tubercle and shovelling was found to be statistically significant in southern Chinese children (p = 0.008), see Table 7 . The prevalence of lingual tubercle on canines in southern Chinese was comparable to that of other Mongoloids ( Table 9 ).
Carabelli's trait which was found only on the permanent first molars affected 47.1% of the girls and 53.9% of the boys ( Table 1 ). The line form (classification type 1) was the commonest type ( Table 4 ). The inter-relationship between Carabelli's trait and lingual tubercle was found to be statisti- (Alvesalo et al. 1975 ) was used in the study. The original data were reanalysed for comparison (Absent = 0, Line or pit = 1+2, Cusp = 3+4).
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Kraus's index (Kraus 1951 ) was used in the study. The original data were reanalysed for comparison (Absent = a, Line or pit = b, Cusp = c). S Snyder's simplified index (Snyder et al. 1969 ) was used in the study. The original data were reanalysed for comparison (Absent = 0, Line or pit = 1+2, Cusp = 3+4+5). cally significant in this study (p = 0.004), see Table 7 . The prevalence of Carabelli's trait for southern Chinese is comparable with the prevalence for some Caucasian groups. Moreover, the prevalence of Carabelli's cusp in southern Chinese, at between 23.7% and 35.8%, was highest among the Mongoloids (Tables 10 and 12 ).
There were 37.5% children that were affected by protostylid ( Table 1) . The buccal pit form is the most commonly seen type ( Table 5 ). The inter-relationship between Carabelli's trait and protostylid was found to be statistically significant in southern Chinese children (p = 0.005), see Table  7 . The prevalence of cusp type of protostylid in this study (10.1%) was higher than for the other ethnic groups (Table  11) .
DISCUSSION
The studying of traits on dental casts is comparable to using fossilized material to diagnose characteristics of the dentition of pre-historic man. Detailed information can usually be successfully obtained from these sources. This may indeed be more reliable than direct clinical examinations for which instant clinical decisions have to be made and visual access is restricted in the oral cavity [17] . Use of an oral examination may result in information being inadvertently not collected. For example, the line form of Carabelli's trait cannot be easily detected in the clinical environment because the quality and direction of the light can be critical factor. Similarly, a double lingual tubercle of a central or lateral incisor can be very difficult to detect clinically, unless magnifying glasses are used, which is easier to do on a cast than in the mouth. Thus, the studying of dental casts was considered to be superior to the clinical method of examination. However, it is essential that the dental casts are a true and accurate reproduction of the original teeth and that they have not been damaged during preparation or storage.
Diagnostic criteria for the four dental traits were difficult to develop even with the aid of previously published literature because there is not a lack of universally accepted classifications for each trait. So, the different diagnostic criteria used in this study, and those used in the various published (Dahlberg 1963 ) was used in the study. The original data were reanalysed for comparison (Absent = 0, Line or pit = 1+2, Cusp = 3+4+5+6+7). S Snyder's index (Snyder et al. 1969 ) was used in the study. The original data were reanalysed for comparison (Absent = 0, Line or pit = 1, Cusp = 2+3+4). studies may be one of the reasons why there is some variation in the results that have been published. Comparability is further worsened by investigators not studying the same teeth; most of the investigations of shovelling omitted to look at the maxillary canines and the mandibular incisors.
Even though the age of the subjects was selected to provide the maximum number of teeth in the best condition, there may have been some loss of potential data. For instance, the maxillary canines were not always fully erupted, especially in the males. The additional information that could have been gained from the canines could have slightly increased the prevalence of the shovelling and lingual tubercle traits. The same issues may be applicable to the second molars in respect of the protostylid trait.
The four major traits will be discussed respectively by first considering the physical characteristic, followed by the prevalence of that trait in the permanent dentition. The objective is to demonstrate any similarities or differences between the Mongoloid and Caucasoid dentitions, and where data are available to identify any distinctive features in the data for the permanent dentition of the southern Chinese.
Shovelling
The resemblance of an incisor to a shovel results from the combination of a concave lingual surface with elevated marginal ridges [4] . The maxillary as well as the mandibular anterior teeth can be found to have marginal ridges [4] . However, the more exaggerated forms of shovelling are usually exhibited by the maxillary rather than mandibular incisor teeth. Furthermore, the trait is more common in permanent than primary incisor teeth [4, 18] . Although females were affected more than males in one study, the differences were not statistically significant [19] , so gender variation is unlikely.
Most studies have adapted the classification proposed by Hrdlicka which recognised four degrees of shoveling; which are pronounced shovelling, "semi" shovelling and the trace type of shovelling [4] . However, the diagnostic criteria in different studies have not always been consistent. There may be errors in the classification of the shovel-shaped central and lateral incisors because the lateral incisor has a smaller mesio-distal dimension and, consequently, the same depth in the shovel may be classified as a higher degree of shovelshape [6, 20] . Therefore, Carbonell [6] added a quantitative measuring device to classify the different degrees of shovelling. Using this device, a measurement of +1 mm was considered to indicate shovel, 1 mm semi-shovel, and -1 mm a trace.
Since Hrdlicka's report of this anomaly in 1920, shovelling has been accepted as a trait of the Mongoloid dentition. High prevalences have been reported in Eskimos [4] , Pima Indians [21] [22] [23] , north American Indians [4] , and Aleuts [5] . The reverse has been found for Europeans [24] and Negroids [25] . Negroids have had almost no intermixing with Chinese, and they have an extremely low prevalence of shovelling, while in Hawaii, where Europeans have mixed with Polynesian, Melanesian and Chinese, the prevalence is intermediate. Therefore, it has been hypothesised that China was the source of this trait, so that when a population is geographically further removed from China, it demonstrates a lower frequency of shovelling [1] . Furthermore, environmental factors do not appear to play a role in the expression of this trait because it was found that Chinese born in China and the United States of America had similar prevalence of the trait [26] . Thus, it is quite accurate to describe shovelling as a characteristic for populations of Mongoloids, irrespective of the geographic region.
As expected, most of the maxillary incisors examined in this study were found to demonstrate shovelling, giving this trait a prevalence comparable to that of other Mongoloid groups and making it much higher than reported for Caucasians and Negroids. But what is interesting is that not all of the children in this study were affected to the same degree by this trait, when compared with other Chinese groups [4, 19, 27] . This could indicate that the trait has an autosomal recessive mode of inheritance, or that it is autosomal dominant but with variable expressivity. Alternatively, it could be that the southern Chinese are composed of different subgroups whose ancestors did not exhibit this trait. Study of fossil material of different racial groups from different historical periods could provide more information about this dilemma.
The frequency distributions of the semi-shovel shaped incisors were very high in southern Chinese, 48.6% in central incisors and 42.6% in lateral incisors ( Table 8) . However, the lower prevalence of pronounced shovel shaped incisors was noted as compared with other Mongoloids, and even with other Chinese populations studied by Hrdlicka [4] and Jien [19] . The degree of shovelling has been used to differentiate ethnically between the Pueblo Indians and the Plains Indians [28] , and some Asian and African populations [29] . Unfortunately, the proportions of the subjects who were of northern Chinese origin were not stated clearly in Hrdlicka's and Jien's studies. Further studies of the northern Chinese is required to differentiate between the sub-groups of the Chinese population.
Lingual Tubercle
Lingual tubercle is a rounded elevation on the lingualgingival ridge of an anterior tooth. Because the tubercle has been more frequently observed and is better developed in fossil than in modern man, it is believed to be a derivative of the cingulum and a feature of evolution of the primate [3] . It may be long and narrow, or short and stumpy. It may be single, double, or multiple [30] . When double or multiple tubercles are present, the distal one is usually larger than the mesial one [30] . It has been reported that the tubercle is always present as two short projections on either side of the lingual ridge and that the mandibular canine almost never exhibits a lingual tubercle [31] . Berry [32] showed a significant correlation of lingual tubercle with Carabelli's trait. Similarly, lingual tubercle was found in this study to be closely related to Carabelli's trait, and additionally to the shovelling trait ( Table 7) .
There was a high prevalence of lingual tubercle on the permanent anterior teeth in southern Chinese at 38.9% (Table 1), which is similar to that which occurred in the primary dentition (43.5%), see Part IV of this paper series. Lingual tubercle occurred most frequently on the canines and to a lesser extend on the maxillary incisors in southern Chinese; similar results have also been reported for Caucasians ( Table  9 ). Since the prevalence figures for other Mongoloids were only on canines, further comparisons are impossible to make. However, the prevalence of lingual tubercle on canines in southern Chinese was comparable to those of other Mongoloids ( Table 9) . In this study, the single lingual tubercle affected the teeth more than the double tubercle variation (Table 3). Nevertheless, the prevalence figures of different types of lingual tubercle were not reported for the majority of other studies.
Carabelli's Trait
Carabelli's trait is expressed as either a tubercule of varying size, or a groove, or even a pit on the lingual surface of the protocone of the primary maxillary second molar, or the permanent maxillary first molar. The name has been credited to von Carabelli, who first described this feature in 1842 in a paper by Korenhof [33] . It has also been referred to as the tuberculum anomalies, tuberculum Carabelli and tuberculum imparon. Although some specimens of Paleolithic man have been found to exhibit Carabelli's trait on the maxillary molars [34] , this has not been a consistence finding, and it is a generally held opinion that the cusp form of the Carabelli trait is a recent acquisition of man. Conversely, the pit form of the Carabelli trait has been observed in numerous specimens of Neanderthal man and has been considered to be a consistent characteristic of the maxillary molars [35] . Examples of the Australopithecinas and Dryopithecus rhenanus also displayed the Carabelli pit [35, 36] . Thus, it is reasonable to conclude that the Carabelli trait is significant in the evolution of man and possibly in different racial groups.
The Carabelli trait is said to be an inherited characteristic [37] . Data from studies of twins support this aetiological hypothesis. However, although an autosomal dominant mode of inheritance has been proposed, the degree of expression of the trait in twins has varied from fully concordant to fully discordant [38] . Thus, because of the varying manifestations and prevalence of Carabelli's trait the mode of inheritance is probably not a simple Mendelian pattern. A high degree of equivalence of Carabelli trait expression between primary and permanent molars was demonstrated by Kieser [39] . It was then hypothesized that the high degree of withinindividual equivalence suggests a low epigenetic and high genetic influence on Carabelli trait expression and that the findings support the clonal rather than the field theory of tooth morphogenesis [39] .
No dental variable has stimulated more attempts at classification than Carabelli's trait. Unfortunately, this makes the various standards unduly complicated. In the early literature, manifestations below the level of distinct tubercle were not often counted [40] . From the 1940s on, research workers started taking the full Carabelli continuum into account, and classifications included four to ten grades of expression of the trait [41] [42] [43] . For example, eight classes of expression were reported by Dahlberg [44] and six by Snyder and colleagues [16] . Thus, caution should be exercised when comparing the prevalence figures from different studies to ensure that similar features of the Carabelli's trait are being compared.
The statistically significant inter-relationship between Carabelli's trait and shoveling was demonstrated by other investigators [45, 46] and it was supported by the present work ( Table 7 ). The prevalence of Carabelli's trait has been reported to be higher in males than in females in the permanent dentition [42, [47] [48] [49] [50] . However, gender difference was not found in this study (Table 1) . Interestingly, significant differences were observed in the occurrence of Carabelli's trait between the upper and lower income groups for the primary dentition, and between the upper and middle income groups for the permanent dentition in a study conducted in south India [49] .
It was reported by some researchers that children with Carabelli's cusp tend to have teeth with crown that have a larger bucco-lingual dimension [51] [52] . Kondo and Townsend [52] postulated that larger molar crowns in individuals with the genotype for Carabelli trait expression, are more likely to display Carabelli cusps, whereas their teeth with smaller crowns are more likely to display reduced forms of the trait. Moreover, the pattern of folding of the internal enamel epithelium in developing molar crowns, particularly in the protocone region, can be modified by a developing Carabelli cusp [52] .
Prevalence data for the primary dentition for all degrees of Carabelli's trait indicate that it is more common in Caucasian children than Mongoloid children (Part IV of this paper series). For the permanent dentition, Carabelli's trait appears to be generally commonest among European populations, followed by African populations, and American Indians, with the lowest prevalence occurring in the other Mongoloid races (Table 10) . However, the prevalences of 41.9% to 50.5% for southern Chinese are comparable to the prevalence for some Caucasian groups ( Table 10 ). The general trend is for this trait to be more common in southern Chinese than other Mongoloid groups. When only the tubercle and cusp forms are considered, the pattern of geographic variation in Carabelli's trait is not particularly striking [40] . Moreover, the prevalence of Carabelli's cusp in southern Chinese, of between 23.7% and 35.8%, was the highest among the Mongoloids (Table 10) . Nevertheless, some of the variation in the published data for different populations probably reflects the use of different diagnostic criteria by the investigators rather than a real difference.
Protostylid
Bolk [53] , adopted the term "paramolar cusps" for supernumerary cusps occurring on the buccal surfaces of second and third molars. He believed that the paramolar cusps were derived from supernumerary teeth which had become fused with the permanent molars during their development. In 1945, Dahlberg proposed that the term "protosylid or parastyle" be used to refer to all anomalous cusps on the buccal surface of both the maxillary and mandibular premolars and molars. However, he did point out that the presence of a protostylid should not be considered to be an example of atavism [54] .
The protostylid trait can range from a shallow depression through pits and grooves of varying depths, to tubercles and cusps with and without apical independence. Bilateral symmetry of this trait is common and it is usually seen in the form of a buccal pit; while expression as a cusp is rare [5, 16, 44] . The protostylid continuum was standardized into seven classes by Dahlberg [44] . A simplified index proposed by Snyder and co-workers [16] has also remained popular.
The protostylid trait was reported to be more common on primary than permanent molars [55] . It is supported by our study because for southern Chinese, the prevalence in the primary dentition was as high as 93.7% (Part IV of this paper series), while in the permanent dentition the prevalence was only 37.5% (Table 1) . It has also been found that the protostylid trait always appears on the permanent tooth which replaces a primary molar which also exhibited the trait. However, the reverse does not always occur [54, 55] .
In the primary dentition the protostylid trait is found on the buccal surface of the protocone of the mandibular second molar. As the protostylid is a genetic structure of the architecture of the primary dentition, the primary mandibular second molars can be expected to manifest the trait to a greater extent than the first primary molar and in turn the trait has a decreasing chance of occurring on the first, second, and third molars of the permanent dentition [54] .
Suzuki and Sakai [56] reported that 18.5% of their 108 Japanese subjects had protostylid in varying degrees of prominence, and of these 65% had the Carabelli's cusp on their permanent maxillary molars. An inter-relationship between prostostylid and Carabelli's trait was also noted in the present study (Tables 6 and 7) .
In the primary dentition, the protostylid trait occured in more than 40% of Mongoloid children, while in nonMongoloid populations the occurrence was less than 20% (Part IV of this paper series). Therefore, the protostylid trait has been regarded as a characteristic feature of the Mongoloid dentition [57] . By contrast, Dahlberg [20] suggested that when the mandibular first permanent molar tooth was considered, this trait had a tendency to occur more commonly in Caucasians than Mongoloids, and was rarely seen in Negroids. Furthermore, Dahlberg [44] indicated that living Aleuts have no prostostylid cusp or pit, as reported by Morrees [5] , and that their condition was "a reflection of admixture". However, the figures showed on Table 11 seem to indicate that some Mongoloids, including southern Chinese, have higher prevalences of protostylid trait than Caucasians. Moreover, the prevalence of the cusp type of the protostylid trait found in this study (10.1%) was higher than for other ethnic groups. Nevertheless, only two studies involving Caucasians were available for comparison.
Since the criteria in each study used to investigate the prevalence of the four dental trait varied, it is difficult, without careful reconsideration of the diagnostic criteria, and possibly re-analysis of the data in respect of each trait, to make valid comparisons between the studies. This further supports the notion of developing universally accepted criteria for the various dental traits and the subtypes.
CONCLUSION
From the findings of this study it was determined that southern Chinese children have a lesser degree of shoveling than the other Mongoloid groups, including other Chinese populations. The prevalence of the cusp type of Carabelli's trait in southern Chinese was higher than the other Mongoloids, and the prevalence of the cusp type of protostylid trait was even higher than for other ethnic groups. Therefore, it may be appropriate to consider semi-shovel shaped maxillary incisors and the protostylid cusp on the mandibular molars as being characteristics of the permanent dentition of southern Chinese children.
